B mixing and lifetime
at the Tevatron
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Precision B Lifetimes M OtlvatIOn

C. Tarantino, hep-ph/0310241
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E b-hadron decays dominated by b-quark
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Precision B Lifetimes Ab Llfetlme

B CDF and DY have measured A, — J/y A lifetime

E Better proper time resolution than Ay, — A_ Iv (world average dominated)

B Earlier 7(A,)/7(B’) predictions were 2c above experiment

» new calculations including higher order effects predict lower ratio

CDF 370 pbt DO 250 pb
Ty, = 1.45"0%2 (stat)+0.02 (syst)ps | 7 A = 1.22°9% (stat)+0.04 (syst) ps

PRL 94 102001 (2005)
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Precision B Lifetimes Ab Llfetlme a.t CDF

Analysis based upon 370 pb!

Technique

» unbinned maximum likelihood fit to proper decay-length and mass

A, = J/y A% 194 +23 candidates

» Jv— uu

» N0 > pr-
Use B’ reference mode

» larger yield and similar decay topology
B? — Jpsi KV 1225 +53 candidates

» Jv— uu

» K0 >t
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Precision B Lifetimes Bs Llfetlme

E DY and CDF measure B! lifetime in B) - D.I"'v X

3__ CDF Run Il Preliminary 360 pb”

1K & ;
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7,0 =1.38120.055 (sat ) oy (sy57)PS| 7,0 =1.420%0.043 (stat)+0.057 (syst) ps

B
best in the world



Precision B Lifetimes NGUtraI MeSOﬂ MIXIﬂg

® Quark mixing = non-diagonal Hamiltonian for <§ | H | B>
(M Mg T T
M, M 2\, T
¥ Diagonalizing the Hamiltonian results in
» two eigenstates ‘BSH eavy> and ‘BSL ighr>

» two masses m,, and m,, with Am =m,,—m,

» two decay widths 7, and /7, with AI"'=17, — [,

R. Van Kooten
B, decays and B leptonic decays




Precision B Lifetimes Bs Llfetlme lefereﬂCe

E B >Jlyg
Pseudoscalar — Vector - Vector

E Decay amplitude decomposed into 3 linear polarization states
» A, =S + D wave = P even
» Ay =S+ Dwave = P even

» A, =P wave = P odd

E If CP violation neglected
» B gt~ CP even
» B ~ CP odd

» angular distributions are different

s,Heavy

E Angular analysis separates CP eigenstates = measure two lifetimes



Precision B Lifetimes Bs LIfEtIme leferenCe

CDF 260 pb? DO 800 pb

Al =0.47°3%; (stat)£0.01(syst)ps™ | A7" =0.15+0.10 (stat) 553 (syst) ps™
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Precision B Lifetimes BS 4) K+K_and BC

B First 7, .., (7,) measurement (~95% CP even)

CDF 360 pb

D. Tonelli

7; =1.53+£0.18 (Stat)i 0.02 (Syst) 951 | CDF Hot Topics

B Expected T(Bj )~ 3XT (Bj )

B Lifetime extracted from B — J/we'v, decay

CDF 360 pb
7, =0.46375: (stat)+0.036 (syst)ps

D& 210 pb
7, =0.448°%%2 (stat)£0.121 (syst) ps

best in the world
I. Kravchenko

B Spectroscopy




Precision B Lifetimes H FAG

E B*and B’ at LEP/SLC, B factories and Tevatron (CDF/DY)

» dominated by Belle and BaBar
E B _dominated by Tevatron, LEP

E B at Tevatron

E /4, dominated by LEP, Tevatron

b-hadron species | measured lifetime [ps] | ©/z(BY) lifetime ratio predicted range

B 1.643 £ 0.010 1.076 £ 0.008 1.04 -1.08

B_ (— flavor specific) 1.454 + 0.040 0.914 + 0.030 0.99-1.01
1.288 + 0.065 0.844 + 0.043 0.86 — 0.95
1.527 £ 0.008

0.469 + 0.065
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svixing 1 NEoretical Prediction

SM prediction for the ratio of B, and B? mixing frequencies

Am, _ Mg, ¢ \Vts\z
Amd de ‘th‘z

g2 =1.21+0.02"775:0
Am, precisely measured

Am,, =0.508+0.004 ps

1 |5 Ll I T T
" | excluded area

Am, not yet measured precisely -

CKM fit

Potential NP discovery
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= viing SlgNIficance

S = signal candidates _ _
_ o,, = time resolution
B = background candidates

. . S 8@2 _Eo'c?tﬂmsz
significance oc ,|——,|—e 2
S+B\V 2

correct tags +incorrect tags

D correct tags —incorrect tags

N correct tags + incorrect tags

&

E The dilution ® measures the purity, ®=0 (1) = random (perfect) tagger

B The dilution attenuates the observed oscillations

t

P(t) g0, p0 50 = 2—1T e *[1+Dcos(Amt)]



B Mixing Ingredlents

opposite | b-flavor at decay
side lepton : -
. fragmentation
§ ' kaon +
. K
— D meson
B jet Bhadron & "~~~ ~""°-
| 0
S Bs
Collision Point L,y typically t mm
Creationofbb o
ct= —2

Xy

Pr
3. b-Flavor Tagging |
b-flavor at production | 2. Proper Decay Time

In B rest frame

4. Amplitude Scan for B, Mixing

Opposite Side Set a lower limit or observe Am, Trigger Side




=wing RECONStructed B, > ["D_ X

E DO exploits semileptonic decays from s trigger

B CDF uses both electrons and muons

CDF Run Il Preliminary L=1 fb

— —
% f_ & —— data
o - = . — fit
— = %‘ 10000 - || B, signal
g = — background
= = o .
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swixng RECONStructed D (7 7~ ) z*

B CDF collects hadronic B decays by triggering on impact parameter

E Around 3700 B, signal candidates

CDF Run Il Preliminary L=1fb"
- —— data
800 -
Nes ] + — fit
B, — DS_(7Z'+7Z'_)7Z'+,DS_ — P r B, — D; (3)m
= 600-
© . random bkg.
N . 0 g B B> D @)
B, - D (w7 )x*,D; > K"K~ g 0o W
o
©
@
B, —)DS_(7Z'+7Z'_)7Z'+,DS_ > rr ©

mass [GeV/cz]



sviking Proper Decay Time

F Procedure

» measure p, of B daughter tracks CDF Run Il Preliminary L =~355pb’
» measure the decay length L Sy = datn
g4 : — fit
» boost B back to its rest frame = | B signal
A — fake
= 400- -
o physics background
8 — combinatorial
¥ Fully reconstructed decays ¢ SR
» all daughters reconstructed = .
o
E Partially reconstructed decays R ) L
. B — I' D, X proper decay-length [cm]
» some tracks escape detection Lepton SVT Track

— need simulation



=viking b-Flavor Tagging

B A flavor tagger determines the b-flavor at production time

B bb production = flavor tagging on the Trigger Side or the Opposite Side

E Soft Lepton Tagger
» look for B — [vDX decay on the OS

» lepton charge indicates H-flavor

B Jet Charge Tagger
» look for jet or secondary vertex from OS

» jet charge indicates b-flavor

» look for a fragmentation track on the TS

» it is charge correlated with the b-flavor




sviing FlAVOr Analysis on B* and BY

B Calibrate opposite side flavor taggers prior to Am, analysis

» combine several B*? decays i DZ Runil Preliminary

» combine all taggers

E Direct Am, measurement

=
bo

» cross-check for B, mixing

asymmetry
o

[
>
b

combined &0? (%)

DY CDF

S
N

| Y TR SN U AN U TN T T N T T U T N T MO WO TN A TN TN T M NN NN AN B
2.48 +0.22 | 1.55 + 0.08 0805 0 005 0.1 015 02 025

VPDL (cm)

DIGESINlI[STol(elalEREN A, = 0.506 + 0.020 (stat) + 0.016 (syst) ps*
OIDISS{STol{ISTol (ool eEREl A/, = 0.509 + 0.010 (stat) + 0.016 (syst) ps*
OIDIS EETo [ (o] pl[oRIFTIER Arz, = 0.536 + 0.028 (stat) = 0.006 (syst) ps?

world average FaZlORI0 R HON0[0F N




sviking QOKT at CDF

E Look for the fragmentation track that is charge correlated with the B
B Am not yet measured precisely

— Parameterization from MC

B Extensive data/MC comparisons on all tagging related quantities
= Rely on MC prediction of SSKT performance for B, mixing

1

CDF Run Il Preliminary L = 355 pb
B+—)J/\|J K* | - data —— E} B+
& | =MC )
B*—-D &+ —a— m

1 — syst.

B° - JiyK?® | ————

B D n+ | —_—

.
B*-D 8n —— C q

.

.

B D3t | ° eI —

...........................

dilution [%]



sviking QOKT at CDF

CDF Run Il Preliminary L =355 pb’’

B Systematic studies cover 150 | B, — D, m* e
) i -o- Data
» quark fragmentation model 0
N . . = I
» bb production mechanisms + 1o ii
@ B
» excited B mesons content g : +
» detector / PID resolution % 50 | _i
» particle species content around B
p p _‘I’:I+ N
» data / MC agreement 5 ™ v
-20 -10 0 10 20

log(LH(PID))
B Select track within 4R < 0.7 around B most likely to be a kaon

» based on dE/dx and TOF information

CDF wc 355 pb g}@ KX

eDlser (B > D7 )=4.078 %



sviing FOUTIer Analysis

B Two domains to fit for oscillations Go7, fime domain

» time — fit for a cosine wave Zo.5f —total
— — unmixed
i %0-4: — mixed
» frequency — examine f-spectrum Soa
%02
. . 0.1t
E Time domain approach ogh LAAANAXXS

. i decay time, ps
» fit for Am, in P(1) ~ 1 + ®cos(Am 1)

frequency domain

amplitude

E Frequency domain approach
» introduce amplitude, P(r) ~ 1 + ADcos(Am 1)
» fit for 4 at different Am,

— obtain frequency spectrum A4(Am,)

(I S TR (N R N W N N S (N S |
0 10 20 30
flavor oscillation frequency

» standard method for combining limits

» with flavor taggers calibrated 4 =1 for the true Am_else 2=0



=viing AMPlitude Scans on Am,

B The yellow band is +1.645c , around data points

E Am values where 4+ 1.645c, <1 are excluded at 95% CL

E Sensitivity is where 1.6456,=1

s F CDF Run Il Preliminary L=~355pb’
3 3 +data t10 DY Run Il Preliminary i P T
P - - datat1c A 95%CLlimit 0.3 ps™
g ) Z_:idata +1.645 o (stat.) 5 16450 sensitivity > 2.0 ps’
E N 1 data + 1.645 ¢ (stat. only)
- T I e : Am,* 1o
—————— { } -t -T }— { l l l l _§ 1 i S <
(| SRR, -SSR S 0% N SR [ (L N S 2 S O O 217 T
£ t B D
20 :
C #95% CL limit: 0.0ps” j ++++++H‘H+H<}
3["---o-- sensitivity: 7.5ps" 1fb* :
] y: 7.5ps 1
= L b b b b b b b by -
] 1 2 3 4 5 6 7 8 ] _;IO 0 0.5 1 1.5 2
Amy (ps’) Amy [ps ]
B->u'DX B> J/yK® B >Drn"

Amplitude scan works on B® decay modes



Amplitude

=viing AMPliItude Scans on Am,

SSKT not yet included

Al (Am_ =19 ps?) = 2.5 = 5% p-value
A S

CDF Run Il Preliminary (Fall 2005) L=355pb”
4: *data t1o DO Runll ' 4_' = datat1c A 95%CLlimit 8.6ps”
:_:idata * 1.645 o (stat.) " | - 16450 O sensitivity  13.0 ps’
| (EXidata + 1.645 o (stat. @ syst.) i PR | W datat16450
2 . 21  data+1.645 (stat. only) - J
BT A % - o e ‘-"-;}’\\.Illl ‘
0 mwmiiﬁiﬂ.&ﬂHﬂﬂ'ﬁ'ﬁﬂ > 2 0 B -l s
: N g T
-2 /\H/\j N
- 1 1’ Gl \/
-4 ¢95% CL limit: 14.8ps i
-+~ Expected limit: 14. ps’ | | 4] B DX, B o D3
0 5 0 15 20 2 0@ R
Am, [ps] Am, [ps’]
CDF 355 pb

DO 11
95% CL limit 14.8 ps 95% CL limit 8.6 ps

sensitivity 14.1 ps+ sensitivity 13.0 ps+



=viing LOQ LIKellhood Scan

hep-ex/0603029
submitted to Phys. Rev. Lett.

—Alog(L)
(o))

E 17 <4m,<21pst @ 90% CL assuming Gaussian uncertainties



=viing DO Effect on World Average
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E New A, lifetimes reduce distance with theory
E Tevatron measures the best B, lifetimes in the world

E B lifetime difference within SM

E DY B, oscillation
» 1fbt
» 2.5c,excess at Am =19 ps* (5% p-value)
» 17.1<4Am <21.1pst @ 90% CL
E CDF B, oscillation
» 355 pb
» Am > 8.6 pst @ 95% CL






Precision B Lifetimes TranSVG rSIty BaS|S

E Transversity basis = #wrest frame
E ¢flight direetion = +x
E KK plane = xy plane

g

9 o .
= —{2 cos® Ok« (1 — sin® O cos® ®7)| Apl?
327

+ sin? O g+ (1 — sin® O sin® &r)| A |?
T SiIl2 61{* SiIl2 @’]“44L|2

— sin? O -+ sin 20 sin (I)ij(AﬁAJ_)C

1
+ — sin 20 k- sin? O sin 201 Re(AjA))

V2

1 . : R
+ 75 sin 20 g« sin 201 cos CP';'InL(AOAl)C}

¢ = +1 | particle

¢ = -1 | antiparticle

= 0] untagged B,



=viing S€Mileptonic Decay Time

E  Missing particles = missing p,

0.4

E Determine pseudo-ct from data %‘
5 0.3
ct =L_—= =
Xy D S 0.2-
Pr -
e |
= 0.1
B ct=ct ky, '
» include k,,. effect in signal PDF

CDF Run Il Monte Carlo

B — | D,

all

] — 4.9 <mp <5.1 GeV/c?
| - 4.3<mp <4.5GeV/ic?
.......... 2.9 <my <3.1 GeVic®
0.4 0.6 0.8 1.0
k-factor

P(ct*)z Kuc exp —M 6’(01‘*)@ Gauss ®F(kMC)§(ct*)

2T CcT



	B mixing and lifetimes at the Tevatron
	Outline
	Precision B Lifetimes
	Precision B Lifetimes Motivation
	Precision B Lifetimes Lb Lifetime
	Precision B Lifetimes Lb Lifetime at CDF
	Precision B Lifetimes Bs Lifetime
	Precision B Lifetimes Neutral Meson Mixing
	Precision B Lifetimes Bs Lifetime Difference
	Precision B Lifetimes Bs Lifetime Difference
	Precision B Lifetimes................... and
	Precision B Lifetimes HFAG
	B Mixing
	B Mixing Theoretical Prediction
	B Mixing Significance
	B Mixing Ingredients
	B Mixing Reconstructed......................
	B Mixing Reconstructed.....................
	B Mixing Proper Decay Time
	B Mixing b-Flavor Tagging
	B Mixing Flavor Analysis on B+ and B0
	B Mixing SSKT at CDF
	B Mixing SSKT at CDF
	B Mixing Fourier Analysis
	B Mixing Amplitude Scans on Dmd
	B Mixing Amplitude Scans on Dms
	B Mixing Log Likelihood Scan
	B Mixing D Effect on World Average
	Summary
	Backup
	Precision B Lifetimes Transversity Basis
	B Mixing Semileptonic Decay Time

